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Analyses of desoxyribonucleic acids (DNA) from various sources have led to 
the  conclusions  that  (1)  the  proportions  of  the  purine  and  pyrimidine bases 
are  characteristic  of  the  species source,  and  (2)  there  is a  regular pattern  of 
composition whereby the  ratios between certain  bases remain relatively con- 
stant  (5,  10).  In the hope of establishing the generality of these observations 
and  clarifying  their  significance  it  is  worthwhile  to  continue  accumulating 
data on the composition of DNA from various sources. The range of composi- 
tion, greater among viruses than higher organisms, makes the former especially 
suitable for such studies,  and analyses are now described of the nucleic acids 
of  eleven  insect  viruses.  Prelimhaary results  on  some  of  these  have  already 
been  reported  (8,  10). 
EXPER IM-F.NTAL 
PreparaZion of the Viruses.--Viruses were  isolated  from purified  inclusion  bodies 
(polyhedra or capsules)  by the procedures of Bergold  (1, 3). Sixty to 100 rag. of inclu- 
sion  bodies, 1 yielding  1.5  to 3.5  rag.  of virus, were used for each analysis. For hy- 
drolysis,  each preparation was sedimented and dried in a 6  ×  50 ram. glass culture 
tube. 
Hydrolysis.--The  nucleic  acid  bases  were  liberated  from whole  viruses  with  70 
per cent perchloric  acid (7). Since some variability was noted in the yield of thymine, 
tests were carried out with purified ox spleen DNA to determine optimal conditions. 
Loss of thymine was found to result from temperatures above 100°C. (about 15 per 
cent is lost in  1 hour at 110°). Excess HC104 is also destructive: using  70 per cent 
HC104 at 100°C. for 1 hour, constant yields were obtained with 8 to 15 ~1. HCIO4 
per rag. DNA, about 2.5 per cent loss with 20/~1. per rag., and 10 per cent loss with 
30/~1. per rag. DestruCtion  was lessened, however, by the presence of protein, which 
appears to have a  protective action. 
The results in Table I  show that under the conditions selected the presence 
of protein does not alter the apparent yield of any base from ox spleen DNA 
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l Thanks are due to Dr. G. H. Bergold,  Dr. F. T. Bird,  and Dr. E. A. Steinhaus 
for provision of purified  polyhedra and virus-killed  insects  of several species. 
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by more than 3 per cent, and that recoveries are not diminished by prolonging 
hydrolysis to 2 hours. 
The procedure adopted was to add 3 to 4/~l. of 70 per cent HC104 for each milli- 
gram of dry virus and heat to 100°C. for 2 hours.  After dilution of the hydrolysate 
with water to 25 #1., and grinding with a glass rod to suspend the insoluble  residue 
(which  tends to adsorb phosphorus), two 8 #l. portions were taken for chromatog- 
raphy, and two 2 ~l. portions for phosphorus estimation (4). 
Estimation  of the Bases.--Published  procedures  (9)  using paper chromatography 
and estimation in the Beckman spectrophotometer were followed. By elution of spots 
in 4 ml. 0.1 N HC1 with mechanical shaking,  and sufficient attention to exact corre- 
spondence  of paper blanks to unknowns,  good  results could be obtained with less 
than 5 #g. of purine or pyrimidine per spot. 
TABLE I 
Yield of Bases from Ox Spleen DNA after Hydrolysis in HCIO, (70 Per Cent, 15 ~l. per Mg. 
Values are means from three e~ 
Hy 
Material analyzed 
/, 
Purified DNA 
DNA "1- albumin (15:85) 
:ol- 
$ 
~e 
r. 
NA) at 100  ° 
)eriments. 
Moles per 100 moles total bases* 
Ade- 
nine 
28.4 
28.6 
28.0 
28.0 
Thy-  Gua-  I  Cyto- 
mine  nine  !  sine 
26.4  23.1  20.8 
26.1  23.3  20.8 
27.1  22.8  20.8 
27.0  22.8!21.0 
Percentage  Percentag~ 
of total P  of total N 
accounted for  accounted 
by corresponding  for 
nueleotides  : 
i 
95  97 
98  I  97 
99 
100 
* Allowing 1.3 for methylcytosine (i0), not estimated in these experiments. 
RESULTS  AND  DISCUSSION 
The  proportions  of  the  nucleic  acid  bases  in  the  eleven viruses  are  listed 
in Table II. Neither uracil nor 5-methylcytosine could be detected. The amount 
of DNA estimated by summing the bases corresponds to I0 to 15 per cent of 
the various vLruses,  but these figures are only approximate since the procedure 
was  not  designed  to  refer results  to  dry weight.  The  fraction of total phos- 
phorus  accounted  for  by  the  estimated  nucleotides  averaged  88  per  cent: 
the difference between this figure and I00 per cent, obtained with spleen DNA 
by  the  same  procedure,  may point  to  the  presence  of  some  non-nucleotide 
phosphorus in the vhms or to different behavior of the two nucleic acids under 
hydrolytic conditions. 
The vLruses are listed (Table II) in order of increasing proportion of adenine. 
Their thymine contents then also  form, within  experimental error, an ascend- 
Lug series, while the values for both guanine and  cytosine assume descending 
sequence.  The  ratios  of  adenine  to  thymine,  and  guanine  to  cytosine,  are G.  R.  WYATT  203 
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nearly constant for all, whereas the ratio of adenine plus thymine to guanine 
plus  cytosine  (AT: GC  ratio)  indicates  the  position  of  a  virus  in  the  series 
(Table III). 
The scale of AT: GC ratios appears to be a discontinuous, stepwise distribu- 
tion, with groups of viruses having similar values. Within each of these groups 
no significant differences (by the t  test)  have been found.  This outcome was 
scarcely expected in view of the  results from animal DNA,  which  suggested 
a unique composition for each  species, and  those  from tobacco mosaic virus 
TABLE III 
Molar Proportions in Insect  Virus Nucleic Acids 
Polyhedral viruses 
Capsule viruses 
Virus host 
P. dispar ................ 
L. monacha .............. 
C. fumiferana ............ 
P. seriata ................ 
M.  amer~anum .......... 
M.  disstria ............... 
B. mori ................. 
C. P. eurytheme .......... 
N. sertifer ............... 
C. murinana ............. 
C. fumiferana ............ 
Ox spleen DNA*  ......... 
Molar ratios in DNA 
Adenine  Guanine  Purines 
Cytosine  Pyrimidines 
1.08  1.07 
i .08  1.06 
1.09  1.06 
1.05  1.04 
1.11  1.07 
1.08  1.05 
1.11  1.07 
1.11  1.09 
1.09  1.07 
1.11  1.07 
1.12  1.05 
1.02  1.03 
Thymine 
1.06 
1.03 
1.03 
1.04 
1.04 
1.02 
1.04 
1.08 
1.07 
1.05 
1.01 
1.04 
AT/GC 
0.71 
0.94 
0.95 
1.10 
1.34 
1.36 
1.34 
1.35 
1.67 
1.67 
1.87 
1.22 
* Included for comparison; ratios are taken from the analysis of DNA in the presence of 
protein, and methylcytosine has been added to cytosine. 
(6),  which  indicate  that  even related  virus strains  can differ in  nucleic  acid 
composition. 
The viruses which have been analyzed are all  (with  the possible exception 
of those from Malacosoma  americanum  and M.  disstria)  distinct  on the basis 
of morphology, inclusion  body type,  and  host  specificity (2).  Some relation- 
ship between these properties and the AT: GC ratios may be inferred since the 
two capsule viruses fall adjacent  to one another in  the series, and so do the 
polyhedral  viruses  whose  hosts  belong  to one family. No  direct  parallel  can 
exist,  however,  between  biological relationship  and  DNA  composition,  since 
the groups having equal AT:GC ratios include viruses as unlike as any exam- 
ined.  Clearly,  any genetic  specificity carried  by  DNA  must  reside  in  more 
subtle  differences  than  can  be  revealed by  simple measurement of  the  base 
ratios. o. g.  WYAtt  205 
T~e  independence of  host  and  virus  nucleic  acids,  already demonstrated 
for certain bacteriophages (8),  is confirmed by the unlike DNA compositions 
of a polyhedral virus and a capsule virus from one insect species, C. fumiferana. 
Several attempts to prepare DNA from the host caterpillars led to only very 
small and  impure yields; approximate analyses, however,  of DNA  from B. 
mori and L. monacha gave ratios similar to those of other animals and unlike 
those of the viruses. 
SUMMARY 
Purine and pyrimidine bases have been estimated from the desoxyribonucleic 
acids of eleven insect viruses. Their proportions vary in the different species 
in a balanced way so that the molar ratios adenine:thymine and guanine:cy- 
tosine are constant and close to unity, whereas adenine +  thymine:guanine + 
cytosine ranges from 0.71  to 1.87. This ratio is identical for some biologically 
dissimilar viruses, and no general parallelism is evident between DNA composi- 
tion and biological relationship. Two different viruses from one host have dis- 
tinct DNA's. 
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